United States Patent {9

Nishina et al.

Patent Number:
Date of Patent;

4,492,034
Jan. 8, 1985

[[1}
[45]

[54] DISPLACEMENT MEASURING DEVICE

[75] Inventors: Shingo Nishina; Seigo Takahashi;
Shigeru Ohtani, all of Kanagawa,
Japan

[73] Assignee: Mitutoyo Mfe. Co., Ltd., Tokyo,
Japan

[(21] Appl No.. 450,767

{221 Filed: Dec. 17, 1982
[30] Foreign Application Priority Data
Dec. I8, 198} {JP] Japan ..............cccoiciveniiin., 56-205911
(S1] Imt. Gl e GO1B 7/02
(52] US.CL ... 33/170; 313/172 E
(58] Field of Search ..................... 33/166, 170, 172 E
(56] References Cited
U.S. PATENT DOCUMENTS
2,293, 502 B/1942 Hermann ..........oocveeeevenni... 13/172 E
3.226,833 1/1966 Lemelson ...l 33/166
3289310 12/1966 StONC€ «ovveeree e 33/170
34R3.626 1271969 Huttel ..o, 33/172 E
3,611.578 1071971 Montgomery et al. ............... 33/170
3,987,552 10/1976 Rattert ..o, J3/172 E
3.996.669 1271976 Anichini ..o, J3/172 E
4,424,630 1/1983  AcCetl ..., J3/172 E

FE B R L A Bk L k]

181

FOREIGN PATENT DOCUMENTS

398988 13/1966 Switzeriand
2039673 8/1980 United Kingdom .................

L |

LRVA

Primary Examiner—Richard R. Stearns
Attorney, Agent. or Firm—Koda and Androha

[57) ABSTRACT

A displacement measuring device wherein a measuring
element slidably suppcried on a main frame is provided
and the length or the like of a work to be measured is
measured from a displacement value of said measuring
element when the forward end of said measuring ele-
ment 1s abutted against said work to be measured. char-
acterized 1n that said device comprises: a feed member
provided on said main frame in a manner to be able to
reciprocate within a predetermined range; a vertically
movable member interlocked with and driven by said
feed member, to thereby vertically move said measur-
ing element; and a load applying means for applying a
load to said vertically movable member through the
utihzation of a relative movement berween said feed
member and said vertically movable member when said
vertically movable member 1s braked after said measur-
ing element has been abutted apainst said work to be
measured.

16 Claims, 2 Drawing Figures
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1
DISPLACEMENT MEASURING DEVICE

BACKGROUND OF THE INVENTION

. Field of the Invention

This invention relates to displacement measuring
devices. and more particularly, it 18 concerned with
improvements in a displacement measuring device suit-
able for use in a dial gauge, linear gauge. hmit gauge or ,,
the like. wherein there is provided a measuring element
slidably supported on a main frame and the length or
the like of a work to be measured is measured from a
displacement value of the measuring element when the
forward end of the measuring element ts abutted against s
the work to be measured.

2. Description of the Prior Art

Heretofore. there has been known a dial gauge or
linear gauge wherein there is provided a measuring
element slidably supported on a main frame and the 20
length or the like of a work to be measured is measured
from a displacement value when the forward end of the
measuring element is abutted aganst the work to be
measured, or a limit gauge wherein it 1s detected simi-
larlv from the displacement value of the measuring
element whether the dimensions of the work 1o be mea-
sured are within a limit of allowance, for example, a
1olerance.

In the displacement measuring devices of the type
described, generally, in order to perform an accurate 30
measurement, it 18 necessary to provide a load applying
means for abutting the forward end of the measuring
element against the work to be measured under a prede-
termined measuring load.

Furthermore, in order to facilitate repeated measure- -
ments of ihe works to be measured having dimensions
identical with one ancther, it i1s necessary that, when the
measurme element is abutted against the work to be
measured under a predetermined measuring load, a
measured value at this time is quickly detected and the
measuring element can be guickly retracted and further
advanced by a predetermined value from the state of
abutment.

However, with the load applying means in the con-
ventional displacement measuring devices, there have
been such disadvantages that. for example, the load
applying means is a spring to bias the measuring element
in one direction, and a value of deformation of this
spring 1s varied depending on a movement value of the <,
measuring element, wherebyv uniform measuring lead ts
not obtamable.

Further, the arrangemen’ for performing a detection
when the measuring element is abutted against the work
10 be measured under a measuring load bevond a prede-
termined value has been complicated and conse-
quently, has presented problems in construction and
CORL.
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SUMMARY OF THE INVENTION

It 1s therefore the primary object of the present inven-
tion to provide a displacement measuring device capa-
ble of constantly obtaining a prederermined measuring
load irrespective of the position of the measuring cle-
ment. 63

Ancther obiect of the present mvention is to provide
a displacement measuring device having a sunphiied
construction capable of detecting the measuring !oad

60
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when it exceeds a predetermuned value and stopping the
movement ol the measuring element.

A further objecet of the present invention 15 10 provide
a displacement measurmg device capable of guckly
moving and stopping the measuring element. to thereby
facilitate repeated measurements.

To achieve one of the above-described objects, the
present invention contemplates that. in a displacement
measuring device wherein a measuring element shdably
supparted on a main frame 1s provided and the length or
the like of a work to be measured 1s measured from
displacement value of said measuring element when the
forward end of said measuring element s abutied
against the work to be measured, the device comprises:
a feed member provided on the main frame 1n a manner
to be able to reciprocate within a predetermined range:
a vertically movable member interlocked with and
driven by the feed member 1o thereby vertically move
the measuring element: and a load applying mmeans for
applying a load to the vertically movable member
through the utilization of a relative movement betwecen
the feed member and the vertically movable member 1s
braked after the measuring element has been abutted
against the work to be measured.

Furthermore, to achieve one of the above-descnibed
objects, the present invention contemplates that, in the
aforesaid displacement measuring device, the feed
member is a feed screw shaft and said vertically mov-
able member is a member having internal threads
theredably coupled onto said feed screw shaft and being
rectilinearly movable through the rotation of said teed
screw shaft.

Furthermore, to achieve one of the above-described
objects, the present invention contemplates that, in the
aforesaid displacement measuring device, the feed
member is driven by a motor and there are provided a
Joad detecting means for detecting a load of more than
a predetermined value of the load applymg means and a
control means for stopping said motor 1n operation 1in
response to a detection signal from said load detecting
means.

Furthermore, to achieve one of the above-described
objects, the present invention contemplates that the
load applying means is interposed between the feed
member and the vertically movable member and, when
the driving force of the vertically movable member
exceeds a predetermined value, a movement of said feed
member relative to the vertically movable member 1s
permitted, whereby the relative movement is converted
into a load.

Furthermore, to achieve one of the above-described
objects, the present invention contemplates that, in the
aforesaid displacement measuring device, the load de-
tecting means is a limit switch “ON" or “OFF" oper-
ated when the relative movement between the feed
member and the vertically movable member exceeds a
predetermined value.

Furthermore, to achieve one of the above-described
objects, the present invention contemplates that, 1n the
aforesaid displacement measuring device wherein a
measuring element slidably supported on a main frame
is provided and the length or the like of a work to be
measured is measured from a displacement value of the
measuring element when the forward end of the mea-
suring element is abutted against the work to be mea-
sured, there are provided: a feed screw shaft; an mnter-
nally threaded member threadabiy coupled onto the
feed screw shaft; a cvlinder housing said internally
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threaded member. loosely coupled onto the feed screw
shaft and pcrmitting a portion of the internally threaded
member to prolect outwardly therefrom and move rela-
tive thereto within a predetermined range in the pro-
jecting state: and constant load springs interpused be-
tween oppostte ends of the internally threaded member
and opposing inner ends of the cylinder in the axal
direction of the feed screw shaft and within the cylin-
der, for constantly biasing said internally threaded
member to a ncutral position: and further. the portion
projecting from the cylinder, of the internally threaded
member is interlocked with the measuring element.

BRIEF DESCRIPTION OF THE DRAWINGS

The exact nature of this invention, as well as other
objects and advantages thereof, will be readily apparent
from consideration of the following specification relat-
ing to the accompanymg drawings, in which like refer-
ence characters designate the same or similar parts
throughout the figures thereof and wherein:

FIG. 11s a sectional view showing an embodiment of
the displacement measuring device according 1o the
nresent imvention, and

FIG. 2 is a block diagram showing the control system
in the above-described embodiment.

DETAILED DESCRIPTION OF THE
INVENTION EMBODIMENT

Description will hereunder be given of an embod:-
ment of the present invention with reference to the
drawings. According to this embodiment, in a displace-
ment measuring device wherein a measuring element 2
shdably supported on a main frame 1 1s provided and
the length or the like of a work to be measured i1s mea-
sured from a displacement value of the measuring cle-
ment 2 when the forward end of the measuring element
2 15 abutted against the work to be measured, there are
provided: a feed screw shaft 3 disposed 1n parallel to the
moving direcuion of the measuring element 2; an inter-
nally threaded member 4 threadably coupled onto this
feed screw shafr 3; a cylinder § housing the internally
threaded member 4, loosely coupled onto the feed
screw shaft 3 and permitting a portion of the internally
threaded member 4 to project outwardly therefrom and
move relative thereto within a predetermined range in
the projecting state; and constant load springs 6A and
6B interposed between oppostte ends of the internally
threaded member 4 and opposing inner ends of the
cylinder 5 1n the axial direction of the feed screw shaft
3 and within the cylinder 5, for constantly biasing the
internally threaded member 4 1o a neutral position; and
turthter. the portion 4A projecting from the cvlinder §,
of the tnternally threaded member 4 15 interlocked with
the measuning element 2 through a gear mechanism 7,

Coaxally connected to the aforesaid feed screw shaft
3 15 an output shaft 8A of 4 motor 8, whereby the feed
screw shaft 3 1s rotaitably drniven.

the projecting portion 4A of the internally threaded
member 4 projects outwardly through an c¢longate
groove 3A tormed in the cylinder 5 in the axial diree-
tion thereof, whereby, when the feed screw shaft is
rotated, the projecting portion 4A 1s prevented from
rotating by the elongate groove SA. but can move along
the elongate groove SA in the axial direction,

Furthermore, the constant load ~prings 6A and 6B
can floatingly support the internally threaded member 4
In the neutral position within the evlinder 8, and. when
the cvhinder § reaches a stroke end. the internally
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threaded member 4 1s permitted to move relatuve to the
cyvlinder § within a predetermined range against the
resiliency aof one of these constant load springs 6A and
6B. Addittionally, referring to the drawing, the constant
load spring 6A at the upper side 1s made larger in spring
constant than the constant load spring 6B at the lower
side, whereby a difference in the vertical direction due
to the gravity of the cylinder 5 is eliminated. so that the
internally threaded member 4 can be maintained at the
neutral position through the biasing forces equally
working in the vertical direction.

The aforesaid gear mechanism 7 inciudes: a rack 5B
formed on the side surface opposite to the elongate
groove 3A, of the cylinder 3 in the axial direction of the
cylinder §; a small gear 9A being 1in mesh with this rack
3B:; a large gear 9B provided coaxially and integrally
with this small gear 9A. and a rack 2A formed »n the
side surface of the measuring element 2 in a manner {0
be meshed with this large gear 9B. As a result, the verti-
cal movement of the cylinder 5 1s imparted through this
gear mechanism 7 in such a manner that this vertical
movement 1s enlarged and converted into a vertical
movement of the measuring element 2 in a direction
apposite to the above movement of the cvhinder §.

The projecting portion 4A of the internally threaded
member 4 15 1n contact of a neutral state with a himi
switch 11 supported on the cylinder 5 through a bracket
10, and, when the internally threaded member 4 1
moved relative to the cvlinder § upwardly or down-
wardly witthin a predetermined range. opens the hmit
switch 11.

More spectiically. when the measuring element
abuts against the work to be measured, the cyvlinder
reaches the stroke end because the measuring element 2
1s interlocked with the cylinder 5 through the gear
mechanism 7. When the screw feed shaft 3 1s further
rotated under this condition, the internaliy threaded
member 4 compresses the constant load spring 6 A or 6B
and moves relative 1o the cvlinder 3. 1o thereby open
the limit switch 11.

As shown in FIG. 2, this limat switch 11 supplies an
“ON™ or "OFF" signal to a control device 120 This
control device 12 outputs a zero set command signal to
a counter 13 to indicate a measured value signal from ar
encoder, which will be described hereunder. and fur-
ther outputs a print command signal to a printer 14
mterlocked with this counter 13 so that the printer 14
can print out a valued read by the counter 13.

Furthermore, when the limit switch 11 1s opened, the
control device 12 temporarily stops the aforesaid motor
8 in response to the “ON" or “OFF™ signal from the
hmit switch 11, outputs a command signal for zero
setting or printing the indicated vidue ot the counter 13
at the time, and thereafter, reversely rotates the motor 8
and exercises a control so that a repeated measurement
can be performed.

In the drawing, designated at 15 1y 4 main scale inte-
grally connected to the measuring element 2. movable
i paratle]l thereto and formed thereon with light trans-
mitting portions and non-transmitting portions alter-
natelv of each other. 16 an index scale formed thereon
with light rransmitting portions and non-transmitting
portions alternately of each other in the same manner as
m the main scale 18, for detecting a displacement v alue
of the measuring element 2 in the vertcal direction
trom a displacement value of the main scale 158 due ta
movenent of the measuring element 2. 17 a spring for
biasing this index scale 16 to be brought into contact

2
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with the main scale 15, to thereby constitute a rotation
lock for the measuring element 2, and 18 a photoelectric
tvpe displacement detecting device including hight re-
ceiving elements to receive light beams transmitted
through the matn scale 15 and the index scale 16 from a
light source, not shown.

As aforesaid. this photoeleciric type displacement
detecting device 18 is of such an arrangement that the
cutput thereof is inputted to the counter 13, whereby a
displacement value of the measuring element 2 from a
reference portion 1s digitally indicated.

Description will now be given of operation of the
above-described embodiment.

When the motor 8 1s driven by means of the control
device 12, the feed screw shaft 3 is rotated 1n a required
direction. whereby the cylinder 5 is moved integrally
with the internally threaded member 4 through the
constant joad spring 6A or 6B. At this time, the limit
switch 11 moves integrally with the cylinder § through
the bracket 10. so that no displacement of the limit
switch 11 relative 1o the internally threaded member 4
will occur.

When the cvlinder 5 moves, the measuring element 2
is moved through the gear mechanism 7 in a direction
oppostte 1o the cvlinder §, and abuts against the work to
be measured.

When the measuring element 2 abuts against the work
i0 be measured. the cyvhinder 5 is stopped at the same
time, while, the feed screw shaft 3 is rotatably driven by
the motor 8, whereby the internally threaded member 4
compresses the constant load spring 6A or 6B to be
moved relative to the cyhnder 3.

When the internally threaded member 4 15 moved
relative to the cylinder § within a predetermined range,
the Iitmit switch 11, which has been turned “ON" by a
projecting portion 4A integrally formed on the inter-
nally threaded member 4 1s opened, whereby an “OFF”
signal outputted from the limit switch 11 at this time 1s
supplied to the control device 12,

The control device 12 1s adapted to stop the motor 8
in response to the “OFF signal from the limit switch 11
and output a command signal whereby the indicated
value on the counter 13 at this time 1s zero set or printed
out by the printer 14.

Further, upon zero setting or printing out of the indi-
cated value, the control device 12 drives the motor in a
direction opposite to the above, whereby the measuring
element 2 is separated from the work beitng measured to
b ready for another measurement or a repeated mea-
surement.

As a result. 1n the present embodiment, the measure-
ment can be periormed under one and the same measur-
ine toad. or more specifically, through a deformation
vialue of the constant load spring 6A or 6B in accor-
dance with a mevement value of the internally threaded
member 4 reiative to the cyhinder §, irrespective of the
moving direction or the movement value of the measur-
ing element 2, and moreover, simplification of the elec-
tric circuits including a so-called self running, data read-
in and the litke can be contemplated.

Furthermore, this displacement measuring device can
automatically operate the measuring element 2 through
the control device 12, so that Jabor-saving and automa-
110N In measuring, remote-control measuring of foot
control by use of a depressing switch can be adopted.

In addition, the above-described embodiment is con-
structed such that the aforesaid operation can be contin-
uously repeated by means of the control device 12,
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however, each operation may be performed manuaily
or operations may be effected in response to signals
from the outside. Furthermore, the above-described
embodiment 1s constructed such that the derected value
from the photoelectric type detecting device 18 1s inda-
cated on the counter 13 and printed out by the printer
14, however, the invention need not necessarily be im-
ited to this specific form, but, for example, the device
may be inferlocked with a display device such as a
cathode ray tube or a calculating machine such as a
computer.

Furthermore, the above-described embodiment is
constructed such that the measuring element 2 1s moved
in the vertical direction, however, ihe measuring ele-
ment 2 may be moved 1n the horizontal direction.

Addtionally, the above-descrnibed embodiment 1s of
such an arrangement that a generation of a measuring
load of a certain value due to an abutment of the mea-
suring element 2 against the work to be measured is
detected from a positional relationship between the
projecting portion 4A of the imternally threaded mem-
ber 4 and the hmit switch 11, however, this arrange-
ment may be replaced by an arrangement having a load
detecting mmeans for detecting that the constant load
spring 6A or 6B is compressed bevond a predetlermined
value, and consequently, for example, any other means
such as a photoelectric type means or means using mag-
netic contact points may be adopted.

Further, the cylinder 5 and the measuring element 2
are interlocked with each other through the gear mech-
anism 7., however, the cvhinder § and the measuring
element 2 may be inlegrally connected 1o each other as
far as the stroke of the cylinder § is made equal to that
of the measuring element 2. In this case, the measuring
element 2 and the cylinder § function as the rotation
locks for each other, such advantage can be offered that
other rotation locks for these members are removed.

Furthermore, the above-described embodiment is of
such an arrangement that the measuring element 2 is
reciprocated in the relations betwecn the feed screw
shaft 3 and the internally threaded memner 4. however.
this arrangement may be replaced by an arrangement
including: a feed member provided con the main frame 1
and capable of reciprocating within predetermined
range: a vertically movable member interlocked with
this feed member to be driven, to thereby move the
measuring element 2 in the vertical direction; and a load
applying means for applying a load to the verucally
movable member through the utihization of a relative
movement between the feed member and the vertically
movable member when the vertically movable member
ts braked after the measuring element 2 has beer abutted
against the work to be measured. In consequence, such
an arrangement may be adopted that, in place of the
feed screw shaft 3 and the internally threaded member
4, there are provided a wire guided round a pulley 1o be
reciprocated and a member secured to and driven by
this wire, and this member is connected in front and at
the back to the vertically movable member through
constant compression springs.

Furthermore, such an arrangement may be adopted
that the feed member i1s made into a rotatable member,
a vertically movable member formed with a gear is
disposed in the rotating direction of the rotatable mem-
ber through constant load springs, and the measuring
clement 15 reciprocated by means of the gear of this
vertical member.
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Furthermore, the present invention may include the
case where the above-described displacement measur-
ing device 1s provided thereon with an anvil in opposed
relation to the measuring element 2. to thereby provide
a micrometer. In this case, when the measuring element ¥
2 and the anvil are directed outwardly, the inner side or
inner diameter of the work to be measured can be mea-
sured.

With the above-described arrangement according to
the present invention, such an outstanding advantage 10
can be offered that a measuring load of a predetermined
value can be constantly obtained irrespective otf the
moving direction and the movement value of the mea-
suring element.

It should be apparent of those skilled in the art that iS
the abovedescribed embodiments are merely represen-
tative, which represent the applications of the principles
of the present invention. Numerous and varied other
arrangements can be readily devised by those skilled in
the art without departing from the spirit and the scope 20
of the invention.

What is claimed 1s:

1. A displacement measuring device wherein a mea-
suring element slidably supported on a main frame is
provided and the length or the like of a work to be
measured i1s measured from a displacement value of said
measuring element when the forward end of said mea-
suring element 1s abutted against said work to be mea-
sured, characterized in that there are provided: a feed
screw shaft; an internally threaded member threadably 30
coupled onto said feed screw shaft; a cylinder housing
surrounding satd internally threaded member, loosely
coupled onte said feed screw shaft and permitting a
projecting portion of said internally threaded member
to project outwardly therefrom and move relative 35
thereto within a predetermined range; and constant load
springs interposed between opposite ends of said inter-
nally threaded member and opposing inner ends of said
cvlinder in the axial direction of said feed screw shaft
and within said cylinder, for constantly biasing said 40
internally threaded member to a neutral position; and
turther, said portion projecting from the cylinder, of the
internally threaded member is interlocked with said
measuring element through said constant load springs
and said cylinder. 45

2. A displacement measuring device as set forth in
clatm 1, charactenized (n that said projecting portion of
the internally threaded member projects outwardly
through an elongated groove tormed in the cylinder
housing in the axial direction thereof, whereby, when 30
the teed screw shaft is rotated, the projecting portion is
prevented from rotating by the elongated groove, but
can move along the elongated groove 1n the axial direc-
tion.

3. A displacement measuring device as set forth in 55
claim 2, characterized in that said constant load springs
can floatingly support the internally threaded member
in the neutral positon within the cylinder housing and,
when the cylinder housing reaches a stroke end. the
internally threaded member 1s permitted to move rela- 60
tive to the cylinder housing within a predetermined
range against the restliency of one of these constant load
SPrings.

3. A displacement measuring device as set forth in
claim 3, characterized 1n that said constant load spring 5
at the upper side 1s made larger in spring constant than
the constant load spring at the lower side, whercbhy o
difference in the vertical direction due to the gravity of

~J
N
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the cvlinder housing 1s eliminated. so that the mternuiiv
threaded member can be matntuined at the neutral posi-
tion through the biasing forces equally working in the
vertical direction.

S. A displacement measuring device as set forth in
claim 4, characterized in that said feed screw shaft 14
driven by a motor and there are provided a limit swiich
for detecting a load of more than a predetermined valuc
of said load applying means and a control means for
stopping said motor in operation 1n response tu a detec-
tion signal from said limit switch, satd limit switch gen-
erates the detection signal by “"ON" or "OFF" operated
when the relative movement between said nternally
threaded member and said cylinder housing exceeds a
predetermined value, said projecting portion of the
internally threaded member is in contact of a neutrai
state with the himit switch, and, when the mternally
threaded member i1 moved relatnive 10 the cylinder
housing upwardly or downwardly within a predeter-
mined range, operates the himit switch.

6. A displacement measuring device as set forth in
claim 3, characterized in that said feed screw shaft is
dirven by a motor and there are provided a limit switch
for detecting a load of more than a predetermined value
of said load applying means and a control means for
stopping said motor in operation {n response to a detec-
tion signal from said himit swiatch, said himit switch gen-
erates the detection signal by "ON" or "OFF" operated
when the relative movement between sawd internal
threaded member and said cylinder housing exceeds 4
predetermined value, said projecting portuon of the
internally threaded member 15 In contact of « neutral
state with the limit switch, and. when the imnternally
threaded member 15 moved relative 16 the cylinder
housing upwardly or downwardly within a predeter-
mined range, operates the limit switch.

7. A displacement measuring device as set forth in
claim 2, characterized in that said constant load spring
at the upper side is made larger in spring constant than
the constant load spring at the lower side, whereby 2
different in the vertical directton due to the gravity of
the cvlinder housing i1s eltminated. so that the internally
threaded member can be maintained at the neutral posi-
tion through the biasing forces equapply working in the
vertical direction.

8. A displacement measuring device as set forth in
claim 7, characterized tn that said feed screw shaft is
dirven by a motor and there are provided a limit switch
for detecting a load of more than a predetermined value
of said load applying means and a control means for
stopping said motor in operation in response to a detec-
tion signal from said limit switch, said limit switch gen-
erates the deiection signal by "ON" or "OFF" operated
when the relative movement between said internal
threaded member and said cyvlinder housing exceeds a
predetermined value, said projecting portion of the
internally threaded member 18 in contact ot a neutral
state with the limit switch, and, when the internally
threaded member 15 moved relative to the cylinder
housing upwardly or downwardly within a predeter-
mined range, operates the limit switch.

9. A displacement measuring device as set forth in
claim 2, charactenized 1n that said feed screw 1s driven
by 4 motor and there are provided a himat switch for
detecting a load of more than s predetermined value of
sald Toad applyving means and a control means tor stop-
ping said motor 1o operation in response to a detection
<penad from sand homat sswitch, sasd hmit switch generates
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the detection signal by “ONT or "OFF™ operated when
the relative movemeni benween said internal threaded
member and said ¢vlinder housing exceeds a predeter-
mined value, said projecting portion of the internalty
threaded member is in contact of a neutral state with the
limit swilch, and. when the internally threaded member
i« moved relative to the cvlinder housing upwardly or
downwardly within a predetermined range, operates
the limit switch.

10. A displacement measuring device as set forth
claim 1. characterized m that said constant load springs
can floatingly support the internally threaded member
in the neutral position within the cylinder housing and,
when the cvlinder housing reaches a stroke end. the
internally threaded member is permitted to move rela-
tive to the cylinder housing within a predetermined
range against the resiliency of one of these constant load
SPTINgS.

11. A displacement measuring device as set forth in
claim 10, characterized in that said constant load spring
at the upper side is made larger in spring constan{ than
the constant load spring at the lower side, whereby, a
difference in the vertical direction due to the gravity of
the cyvlinder housing s eliminated, so that the internally
threaded member can te maintained at the neutral posi-
tion through the biasing force equally working n the
vertical direction.

12. A displacement measuring device as set forth in
claim 11, characterized in that said feed screw shaft 1s
driven by a motor and there are provided a limit switch
for detecting a load of more than 4 predetermined value
of said load applying means and a control means for
stopping said motor in gperation In response 1o a detec-
tion signa! from said lirmit switch. said hmit switch gen-
erates the detection signal by "ON" or "OFF" operated
when the relative movement between said internal
threaded member and said cylinder housing exceeds &
predetermined value, said projecting portion of the
internally threaded member is in contact of a neutral
ctzte with the limit switch, and, when the internally
threaded member 1s moved relative to the cylinder
housing upwardly or downwardly within a predeter-
mined range, operates the limit switch.

13. A displacement measuring device as set forth in
ciaim 10, characterized in that said feed screw shaft 1s
driven by a motor and there are provided a imit swatch
for detecting a load of more than a predetermined value
of said load applving means and a control means for
stopping said motor in operation in response to a detec-
tion signal from said limit switch, said hmit switch gen-
erates the detection signal by “ON™ or “OFF" operated
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when the relative movement between said internal
threaded men:ver and said cylinder housing exceceds
nredetermined value, said projecting portion of the
internally threaded member i1s 1n contact of a neutral
state with the hmit switch, and, when the internally
threaded member is moved relative to the cyvimder
housing upwardly or downward!y within a predeter-
mined range, operates the limit switch.

14. A displacement measuring device as set lorth in
claim 1, characterized 1n that said constant load spring
at the upper side 1s made larger in spring constant than
the constant load spring at the lower side, whereby a
difference in the vertical direction duc to the gravity of
the cylinder housing 1s elimmated, so that the internally
threaded member can be maintained at the neutral posi-
tion through the biasing forces equally working n the
vertical direction.

15. A displacement measuring device as set forth 1n
claim 14, characterized in that said feed screw shaft s
driven by a motor and there are provided a hmit switch
for detecting a load of more than a predetermined value
of said load applying means and a control means for
stopping said motor in operation in response to a detec-
tion signal from said limit switch, said hmir switch gen-
erates the detection signal by “ON" or "OFF" operated
when the relative movement between said internal
threaded member and said cylinder housing exceeds a
predetermined value, said projecting portion of the
internally threaded member is in contact of a neutral
state with the Iimit switch, and. when the internally
threaded member is moved relative to the cylinder
housing upwardly or downwardly within a predeter-
mined range, operates the limit switch.

16. A displacement measuring device as set forth 1n
claim 1, characterized in that said feed screw shaft 1s
driven by a motor and there are provided a limit switch
for detecting a load of more than a predetermined value
of said load applying means and a control means for
stopping said motor in operation in response 1o a detec-
tion signal from said hmit switch, satd lhmit switch gen-
erates the detection signal by “ON™ or “OFF™ operated
when the relative movement between said internal
threaded member and said cylinder housing exceeds a
predetermined value, said projecting portion of the
internally threaded member 1s in contact of a neutral
state with the limit switch, and, when the internally
threaded member i1s moved relative to the cylinder
housing upwardly or downwardly within a predeter-

mined range, operates the limit switch,
* * * *
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